8. Fud Diversty

8.1 Defining Fud Diverdty

Thevariety and proportionsof energy sourcesused to power New Hampshireisoftenreferred to
asour state's“fud diversity.” By havingavariety of energy sourcesavailable, the state can spreadrisk and
opportunity acrossawidevariety of fuels, taking advantage of emerging technol ogiesand in-stateresourc-
eswhilebuffering usfrom priceswingsfor any oneparticular fuel type.

Itistheenergy policy of the State of New Hampshirethat the needsof citizensand businessesbe
met while*“ ... providing for thereliability and diversity of energy sources...” NH RSA 378:37. New
Hampshire haslong enjoyed adiverse mix of energy sources, and thishashel ped provide our consumers
withsomelevel of pricestability over time.

Proponentsof policiestoincreasefue diversity notethat having avariety of fuel sourcesavailable
for energy needs—including e ectricity, transportation, heating and other uses— provides numerous bene-
fits induding:

» Competition among different fuelsto provide the least-cost energy to consumers, helping to

lower overal prices,

* A hedge againgt significant priceincreasesfor any particular fuel type;

* An energy systemthat isless subject to exchange ratefluctuationsand geopolitical uncertainties

often associated withimported fuels;

* Encouraging emerging technol ogiesto participatein theenergy market, driving commerciaiza-

tion of renewableand moreefficient fuel uses; and

* Encouraging the use of indigenousfuel sas part of theenergy mix, often with significant positive

economic and environmental benefitsfor thelocal areaaswell asfor thestateasawhole.



8.2 Overview of NH’'sCurrent Fue Divergty
8.2.1 Electricity Fud Mix

Annual eectricity generation by plant and fuel type, aswell astotal generating capacity by plant
and fuel type, were presented in Section 6.3, the Supply section of the chapter on Electricity. Herewe
consder these samedatain termsof sharesof total —for example, shareof total capacity, generation, and
consumption.

AsshowninTable 8.2, intheyear 2000 Seabrook station accounted for greater than 40% of the
total generation capacity inthe state, followed by coal, then gas/oil steam, and then hydro, each between
15 and 21%. The biomass plantsrepresent just under 3% of capacity in 2000. Capacity referstothe
ability of aplant to produce el ectricity, and isnot the same as generation, which isthe actual amount of
energy actually produced by afacility.

By 2005, major new natural gascombined cycle plantswill beonline, accounting for approximate-
ly onequarter of total generating capacity inthestate. Inthe Base Casethese sharesstay essentialy fixed,
except for theassumed retirement of the biomass plantsby 2010 based upontheexpiration of their current

rate orders.

Table8.1 New HampshireGeneration Shareby Plant

Base Case Forecast
New Hampshire Generation Share by Plant (%)

2,000 2,005 2,010 2,015 2,020
Gas/Oil Turbines 0.3% 2.2% 3.6% 5.0% 5.3%
Gas/Oil Combined Cycle 0.0% 5.3% 9.0% 14.9% 23.4%
Gas/Oil Steam 10.0% 9.0% 8.8% 8.0% 7.2%
Coal Steam 21.0% 18.9% 18.4% 16.9% 15.0%
Nuclear 55.4% 53.0% 51.7% 47.4% 42.2%
Hydro 8.6% 7.8% 7.6% 6.9% 6.2%
Biomass 3.8% 2.8% 0.0% 0.0% 0.0%
Landfill Gas/Waste 1.0% 0.9% 0.9% 0.8% 0.7%
Wind 0.0% 0.0% 0.0% 0.0% 0.0%
Total 100.0% 100.0% 100.0% 100.0%  100.0%

Sharesof actual generation by fudl typeareshowninTable8.1. Nuclear power’svariable cost—
whichistheincrementa cost of operating the Sation to generate power, rather than leaving it dormant, and
generdly reflectscost of fud —isvery low, soit operatesasabasa oad plant, meaning that it runswhenever
avallabletothegrid. Asaresult, while Seabrook represents41.6% of capacity in 2000, itsannual output
(generation) is55.4% of in-state generation. In other words, the actual output from Seabrook intheyear
2000 exceeded the output from all other el ectric generating stationsinthe state combined. Thisshareis
forecast to decline somewhat in the future as more capacity isadded, especialy through natural gasplants.
Even so, by 2020, Seabrook is still forecast to account for over 40% of total annual generation. By
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Total Demand by Fuel for the Base Case
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Figure8.1 Energy Demand at Point of Use, by Fuel

contrast, while hydro plantsrepresented 16% of the state' s capacity in 2000, they accounted for only 9%
of thestate'sactual generation. Thisislargely becausehydrofacilitiesoperateonly whenwater isavailable
to power them and, unlike other formsof electricity generation, arenot availableal of thetime.

Table8.2. New Hampshire Gener ating Capacity Shareby Plant

Base Case Forecast
New Hampshire Generating Capacity Shares by Plant (%)

2,000 2,005 2,010 2,015 2,020
Gas/Oil Turbines 0.5% 7.0% 7.1% 7.1% 7.1%
Gas/Oil Combined Cycle 0.0% 25.7% 26.1% 26.1% 26.1%
Gas/Oil Steam 18.3% 12.1% 12.3% 12.3% 12.3%
Coal Steam 20.4% 13.5% 13.8% 13.8% 13.8%
Nuclear 41.6% 29.3% 29.7% 29.7% 29.7%
Hydro 15.8% 10.5% 10.6% 10.6% 10.6%
Biomass 2.8% 1.5% 0.0% 0.0% 0.0%
Landfill Gas/Waste 0.7% 0.5% 0.5% 0.5% 0.5%
Wind 0.0% 0.0% 0.0% 0.0% 0.0%
Total 100.0%  100.0%  100.0%  100.0%  100.0%

8.2.2 Fue Diverdty in Energy Demand

At point of use—combining theresidential, commercid, industrial and transportation sectors—oil
accountsfor thelargest single share of useenergy, at just over 65 trillion Btusin theyear 2000, asshown
inFigure8.2. Electricity comessecond over theforecast horizon, followed by biomassenergy, reflecting
the heavy use of biomassenergy by the paper industry. (N.B., for these numbers, thedectricity lineitem
includesthe Btu value of fuel used to generatedectricity —including cod, oil, natura gas, and biomass.
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New Hampshire Residential Fuel Demands
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Figure8.2 Resdential Demand by Energy Type

8.2.3 Fud Shares by Sector

8.2.3.1 Resdential Fud Use

Oil accountsfor thelargest share of residential energy use, measured in termsof Btu at point of
use, followed by electricity, asshownin Figure8.2. Virtually equal amountsof natural gasand LPG are
consumed by New Hampshire sresidential sector, and biomass makesanoticeable contribution (just over
5% of total residential energy use) over theforecast period.

Residential Primary Heating Fuel Used, 1999
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Figure8.3 Choiceof Primary Heating Fuel, Resdential 1999 - 2000
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Someenergy end usesare substitutable’ uses, which meansthat users can make choicesto move
from onetype of fuel useto another. Thesekindsof substitution decisionsmust generally bemadeat the
time of purchase of anew energy-using device. Examplesof substitutable end-uses are space heating,
water heating, and cooking. Other important end-uses such aslighting, air conditioning, and “ miscella-
neous’ (which refersto home appliances, computers, etc.) are cons dered nonsubstitutabl e becausethey
aretied gtrictly to electricity. Approximately 85,000 residential customersuse natural gasin New Hamp-
shire. However, themajority of householdslack accessto natural gas, soitisnot areal option for many
residents.

Oneof the primary usesof energy inresidentia settingsisfor heating. The Governor’sOfficeof
Energy & Community Servicesregularly monitorsthetypeof fud usedin New Hampshirehouseholds. As
shownin Figure 8.3, asurvey covering theyears 1999 and 2000, New Hampshire househol dsindicated
that themgjority —53%—useail for their primary heating fuel. Natural gas, wood stoves (biomass), and

propaneareal so popular choices.
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New Hampshire Industrial Fuel Demands

140
120
100
80
60
40
20

0
1990 1995 2000 2005 2010 2015 2020

TBtu

M Electric [MGas MCoal [EHOil MBiomass BLPG [OSolar

Figure8.5. Indugtrial Demand by Energy Type

8.2.3.2 Commercial Fud Use

Electricity accountsfor thelargest fuel shareinthecommercial sector, followed by oil and natura
gas, asshowninFigure8.4. Asinthecaseof resdentiad energy use, only aportion of commercid energy
end-usesare*” subgtitutable” end-uses, which meansthat users can make choicesto substitute onefue for
another. Inthe commercial sector, the non-substitutable end-uses (such aslighting) account for much
greater sharesof thetotal thanintheresidentia sector, asshowninFigure7.4. Overdl, intheyear 2000,
substitutabl e end-uses made up 63% percent of total commercia energy demand at point-of-use.

8.2.3.3 Indudrial Fue Use

Intheindustria sector, oil and biomassplay magjor roles, followed by dectricity and natural gas, as
showninFigure8.5. Oneof theinteresting features of past developmentsinindustrial energy useisthe
sgnificant increasein the consumption of oil that occurred during the second half of the 1990s.

8.2.4 Trangportation Fues

Transportation energy useisouts dethe scope of theenergy plan called for by theNew Hampshire
legidature. However, transportation represents our largest use of energy in New Hampshireand inthe
country, and thefollowing information isintended to hel p readersbetter understand how trangportationfits
into New Hampshire’ senergy future. Therefore, we have only summarized the Base Caseforecast results
for transportation, and have not devel oped or tested any policiesthat might be directed at increasing the
efficiency of transportationin New Hampshirein thefuture. However, itisclear that thisenergy use
category presentsanimportant topic for future policy devel opment, modeling and consideration.
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Thebulk of transportation energy usein New Hampshireisassociated with theresidentia sector,
which means our own private automobiles, as shown in Figure 8.6. Thisautomobile useisnearly all
gasoline, withavery small shareof diesdl fuel use. Asaresult, gasolinerepresentsthe major transportation
fuel usedin New Hampshire. Commercia and especially industrial transportation rely more heavily on
diesd fud.

New Hampshire Transportation Demands by Sector
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Figure8.6. Trangportation Demandsby Sector

The projected growthin energy consumption by private automobilesin New Hampshire between
the year 2000 and 2020 is dramatic, reflecting greater than a50% increase. This correspondsto an
increase of over 50trillion Btus (morethan thetotal energy consumption occurring at point of useinthe
commercia sector in 2000). Thisdramaticincreasea so resultsin significantincreasesinemissionsof ar
pollutants, aswell asmajor increasesin annual expenditureson transportation (vehicles, insurance, fudl,
and maintenance and repair expenses) for New Hampshireresidents. Therefore, New Hampshireshould
includetransportationin future energy planning efforts, in order to reap the many benefitsof cost effective
investmentsin transportation that result in environmental, economic, public health, and energy benefitsfor
thestate.

8.2.5 Current Electric Power Generation Using Alternative Energy
New Hampshire usesanumber of renewable and aternative sources of energy to produce elec-
tricity and provide hesat for resdential, commercial andindustrial uses. They arediscussed below.



Wood Energy

New Hampshire has eight wood-fired power plantsthat can produce dectricity, fiveof whichare
presently operating. Thefuture of thesefiveplantsisuncertain after their rate orders (contracts mandated
by statute that guarantee purchase of their power at predetermined prices) or other agreementsto operate
expire. Independent analysisof theeconomicsof thesefacilitiescompleted for the New Hampshire De-
partment of Resources& Economic Development in 2001, aswell asmarket experiencewith facilities
following termination of rate orders, show that thesefacilitiesdo not operate economically inafully com-
petitive environment. Thefive operating wood-fired power plants have acombined output of approxi-
mately 77.6 MW, and consume around 1.1 million green tons of wood each year. Wood-fired power
plants, and the possible benefits of retaining them, arediscussed in further detail in Section 8.3.1 bel ow.

Energy from Municipal Solid Waste
New Hampshire residences and businessesgenerateroughly 1.4 milliontonsof solid waste

annually. A smdl portion of thiswasteisused to fudl two trash-fired energy facilities, onein Claremont and
onein Penacook. Both of thesefacilitiesare owned and operated by Wheel abrator Technol ogies, Inc. of
Hampton. Thefacility in Claremont producesroughly 4 MW of power, using almost 70,000 tons of
municipal solid waste annually. Thefacility in Penacook islarger, generating 12.8 MW of electricity
through the combustion of almost 175,000 tons of waste each year. Both of these plants operate under
rate orders, which guarantee afixed pricefor eectricity output. Theserateordersexpirein 2007.

Hydroelectric

Hydroel ectric generation playsan important rolein our state’ senergy diversity, with nine utility
owned and 27 independently owned hydroel ectric generating Stesin the state. 1n 1999, their 440 MW of
capacity represented 15.5% of the state’ stotal generating capacity. However, because hydroel ectric
facilitiesgenerate only whenwater isavailable, their actua generationislessthat their total capacity.

Hydroel ectric generation producesd ectricity using afreerenewablefuel source, and hasnoemis-
sions. Hydroel ectric generation doesrai se concerns about impacts upon both aguatic and terrestrial
ecosystemsfrom changein stream flow and impoundments. Based upon existing damsand the lengthy
environmenta review processthat would berequired for siting anew project, itisunlikely that many (if
any) new sitesfor hydroel ectric generation will be devel oped in New Hampshire' sforeseeabl e future.
Nonetheless, the current hydro facilitiesin the state are an important part of our overall diverse energy
portfolio, and policiesthat impact them should takethisinto consideration.
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8.2.6 Emerging Issuesfor Fud Diverdty in New Hampshire

8.2.6.1 Net Energy Metering

Net energy metering allows small renewabl e power generatorsto sell electricity back to their
utilitiesat theretail electricrate. For example, net metering allowsahousehold toinstall asmall wind
turbinefor generation of electricity, whileremaining tied to thedectricity grid. The householdwill use
electricity from thewind turbine when available, and from the el ectricity grid when not available. In
addition, whentheé ectricity generation fromwind isgreater than the househol d’ sneeds, the excess power
ispurchased by theutility, in essence having the electricity meter run backwards. Net meteringisautho-
rized by NH RSA 362-A:9, and New Hampshire' srulesmay befound at www.puc.state.nh.us.

8.2.6.2 Environmental Disclosureof Electricity Attributes

The New Hampshire Public Utilities Commission hasrecently begun work to devel op rulesfor
environmental disclosurefor eectricity suppliersoperating in New Hampshire. Once adopted, itisantic-
ipated that theseruleswill provideratepayerswith information on thetype of e ectricity generationweuse,
and theemissionsassociated with thiselectricity. By providing ratepayerswith thisinformation, they will
haveabetter understanding of the environmental impactsof our energy use, and alowsusto useenviron-

mental factorsasone criterion when selecting an energy supplier.
8.3 Resultsof Palicy Tests Compared with the Base Case

In order to understand some of theimpacts of renewable energy upon the energy, environmental
and economic future of New Hampshire, two scenariosweretested against the“ Base Case:”

* Retention of thewood-fired power plantsafter expiration of their rate orders; and

* Development of commercia scalewind farmsin New Hampshire.

Theresults of these scenariosare describedin detail below. It should be noted that members of
the public suggested alarge number of possiblerenewable power scenarios, and only alimited number
could betested. Both of these scenarios are presented for information purposes, and should not necessar-

ily be considered recommendations.
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8.3.1 Retention of Wood Energy Plants Current Rate Orders

New Hampshire currently hasfive wood-fired steam turbine power plants, or “ biomass plants,”
operatinginthestate. Threeothershave closed following termination of their rate orders. Thelocations
and generating capacity of each of theseplantsarelisted below. These plantswere constructed following
theeraof rapidly rising oil pricesinthe 1970s, and were granted rate ordersfor long-term guaranteed
power salesat ratesthat haveturned out to be significantly above market prices. Theserateorders, which
are 20 yearsin length, are scheduled to expire during the next five years, as summarized in Table 8.3
below.

Table8.3. BiomassHistorical Generation and Rate Order Expiration Dates

Plant Historical Rateorder Modeled

L ocation Generation  expiration date expirationtiming
Bridgewater 15MW 8/31/2007 end of 2007
Springfield 13.8MW 11/30/2007 end of 2007
Bethlehem 15MW 11/30/2006 end of 2006
Tamworth 20 MW 3/31/2008 end of 2007
Whitefidd 13.8MW 39Q 2003* end of 2003

* anticipated closure date, rate order already terminated

New Hampshire also hasthreewood-fired power plantsthat closed after their rate orderswere
bought out. Thesefacilitiesand their historic generation levelsare Bio-Energy in Hopkinton (11 MW),
AlexandriaPower inAlexandria(15MW), and Timcoin Barnstead (4 MW).

Whiletheelectricity from these plants has been expensive, they have also brought important ben-
efitstothestate. Each plant employspeopledirectly, andin addition, they provideamarket for low-grade
wood and biomass, which has several secondary benefits.

The biomass plants pay an average of $18 per green ton of wood chipsfrom logging and
chipping of low-gradetrees. Thesearetreesthat arenot of high enough quality to be sawninto lumber, or
have other commercia defects. If they arenot harvested for chipsand burned at the biomassplants, they
continueto grow, shading out other treesthat might grow straight and tall and become high valuetimber.
Asaresult, thelossof themarket for chipswould significantly reducetheleve of such*®thinning” activity
that takes placein New Hampshire sforest, with thelong-term result that the val ue of standing timber and
the supply of marketabletimber would be reduced.

Themarket provided for whole tree chipsby thewood energy plantsisimportant to the state’s
forestindustry and forest landowners. 1n 2002, the New Hampshire Department of Resources& Eco-
nomic Devel opment commissioned areport on the market for low-grade wood provided by thewood
energy plants. Thisreport, availableat www.nhdfl.org, identifiesthefollowing benefitsof thelow-grade
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wood market these plants provide (figuresinclude benefitsfrom Bio Energy in Hopkinton, an 11 MW
plant that has closed sincetherel ease of the DRED report):

» Theplantshaveadirect and indirect economicimpact of roughly $96 millioneachyear. Of this,

anegtimated $70 millionineconomic activity istied directly to the harvesting and processing of fue

for thefacilities.

» Thewood-fired power plantsareresponsiblefor between 213 and 444 jobsinthe state. Most
of thesejobsarerelated to forest management or timber harvesting and transportation.

» Marketsfor low-gradewood areimportant to sustai nable forest management, diversewildlife
habitat, and the conservation of open space.

* New Hampshire' ssawmillsrely uponwood energy plantsfor aresduemarket. Sawmillsinthe
state havetripled their production fromtheearly 1980’ sto today, and New Hampshiremillsnow
produce an estimated 400,000 to 600,000 green tons of mill residue each year.

Table8.4. Direct Economic I mpactsof BiomassPlantsin New Hampshire

Direct Economic Impacts of Biomass Plantsin New Hampshire, 1999
Plant KWh / year MW Estimated Estimated Estimated
no. of jobs wages & property tax
benefits
Bridgewater 124,830,000 15.0 32 $1,432,453 $ 200,000
Hemphill 114,843,600 13.8 29 $1,317,857 $ 200,000
Whitefield 114,843,600 13.8 29 $1,317,857 $ 200,000
Bethlehem 124,830,000 15.0 32 $1,432,453 $ 200,000
Tamworth 166,440,000 20.0 42 $1,909,938 $ 200,000
Totals 645,787,200 | 77.6 165 $7,410,559 $1,000,000

Asamarket for ssawmill waste, the plantsal so pay roughly $15 per green ton of sawmill residue.
Without thismarket, thesawmills next best optionisto pay $35 per greentonto digposeof thesawmiill resdue
—acogt increaseof $50 per ton, andincreaseto our state' swastestream. Asthesawmillsnow sdll tothewood
fired power plantsover 100,000 tonsof sawmill residue, thel oss of the biomass plant market would cost the
gtate' ssawmillsinexcessof $5 million per year, reducing their profitability and competitiveness.
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Table8.5. Prices& AmountsPaid by BiomassPlantsfor Chips& Sawmill Resdue

Plant Tonsof Chip Sawmill Residue Disposal Lost
Chips Purchases Residue Purchases ($35/ton) Sawmill
Used ($18/ton) (Est. green ($15/ton) dollars
tons)
Bridgewater | 229,320 | $4,127,760 22,932 $ 343,980.00 $ (802,620) $(1,146,600)
Hemphill 207577 | $3,736,386 20,758 $ 311,365.50 $ (726,520) $(1,037,885)
Whitefield 187,392 $3,373,056 18,739 $ 281,088.00 $ (655,872) $ (936,960)
Bethlehem | 226600 | $4,078,800 22,660 $ 339,900.00 $ (793,100) $(1,133,000)
Tamworth 286,178 | $5,151,204 28,618 $ 429,267.00 $(1,001,623) $(1,430,890)
Totals 1,137,067 | $20,467,206 113,707 | $1,705,600.50 $(3,979,735) $(5,685,335)

Thewood plantsal so burn an indigenous renewabl e resource. Whilethe combustion of wood
doesproduceair pollutants such as particulatesand NOX, it isnot anetsource of the greenhouse gas CO,
aslong asthewood supply iscontinualy re-growing, versusbeing lost to other typesof land uses. InNew
Hampshire, the state presently grows moretreesthan areremoved through harvesting or lost to develop-
ment. Treesabsorb CO, fromtheair during growth, whichisreleased when thewood is combusted or
when the wood decays naturally in the forest. Asaresult, wood iswidely considered to bea“CO,-
neutra” fuel —that is, itscombustion and re-growthleadsto no netincreasein atmospheric CO, emissions

over thelong termwhen the supply iscontinually re-grownin asustainable manner.
Based on the set of considerationsoutlined above, itisof interest to someindustries, land-
owners, and policy makersin the stateto understand the potentia benefitsand coststhat might be associ-
ated with aternativesto retirement of the state’sbiomassplantsover the next fiveyears. For thisreason,
we have studied theimpactsof retaining the plantsin operation.

Biomass Scenario Compared to Base Case
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Figure8.7. Impactsof BiomassPlant Retention Relativeto Base Case




Thereport completed for the New Hampshire Department of Resources & Economic Devel op-
ment estimated that —if operating constantly —fuel, operations and mai ntenance for awood-fired power
plant cost roughly 5.4 cents per kWh. Thisfigure does not include profit or contingencies. For the
purposes of thisreport, it isassumed that in order to cover al expensesassociated with wood-fired power,
including profit for the operator and contingency expenses, the el ectricity would need to be sold for 5.8
centsper KWh. Theevident conclusionisthat for at |east the next ten years, some sort of programwould
berequired to make up the difference between expected annual average wholesale pricesand thepricefor
profitable operation.

Rather than specify and s mulate aspecific mechanism for bridging the gap between wholesdeand
break-even prices, we have simul ated a scenario which retains the plants, quantifying the energy and
economicimpactsof doing so, aswell astheannual e ectricity price gap which would need to bebridged
to operatethe plantsprofitably. Theresultsof thissimulation areintended toidentify both the costsand the
benefitsof retaining the plants, asaninput to policy formulation onthe part of interested stakeholders, and
to build upon thework of the recent L egid ative study committee charged with consdering theseissues.

Annual Average Wholesale Price of Electricity minus 5.8

Year 2000 cents/kWh

—— Base Case =@~ High Price

Figure8.8. Differencein Wholesaleand Break-even Electricity Prices
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Thedementsof thesmulation areasfollows:

* Theplants continueto operatethrough 2020, rather than closing asassumed inthe Base Case;
* Theplantssall their power at thewholesale price, not at 5.8 cents KWh;

* Theemployment and paymentsto logging and sawmillsare phased into the base case economic
forecast based on plant retention rather than retirement.

We do not, in the present simulation, attempt to account for the potential economic effects of

plant-enabled forest management activity that increasestheval ue of standing timber over time.
Thisisanimportant benefit, but onewhichisdifficult to quantify.

Table 8.6. Seasonal and Annual Base CaseWholesale Electricity Price Forecast

8-14

Base Case Forecast
New Hampshire Average Wholesale Price ($/MWh)

2000 2005 2010 2015 2020
Nominal Dollars
Summer 68.78 50.92 74.20 107.76 137.28
Winter 54.21 34.01 50.42 76.20 107.02
Annual 61.61 42.58 62.46 92.17 122.33
2000 Dollars
Summer 68.78 44.79 56.84 71.91 79.80
Winter 54.21 29.91 38.63 50.85 62.20
Annual 61.61 37.45 47.85 61.51 71.11

Real Cumulative Growth Rate (%)

Summer 0.0% -6.0% 0.8% 3.0% 3.5%
Winter 0.0% -9.3% -0.7% 2.3% 3.4%
Annual 0.0% -7.4% 0.1% 2.7% 3.4%




Theimpactsof the plant retention, relative to the Base Caseforecast, aredisplayed in Figure 8.7.
Theretention of the plants servesto avoid dight (perhaps 6 tenths of apercent on average) increasesin
wholesale electricity pricesthat would otherwise occur; asaresult, thisimpact is shown asamodest
reductioninwholesale pricesreativeto the Base Case. Somenew natura gasgenerationisavoided, and
retail eectricity pricesareaso dightly lower (by 2-3 tenthsof apercent on average) thaninthe Base Case.
The plants provide economic benefitsasshownin Table8.7. Notethat thedip in the economic benefits
relativeto the Base Casedip intheyear 2020; thisisbecause, in the absence of the biomassplants, the
model forecasts new plant constructioninthelast yearsof the s mulation, which would bring jobsto the
gate. By dightly reducing thewholesa e priceof e ectricity and thusdel aying new plant construction until
after theforecast horizon, retention of the biomass plantsa so delaysthe new plant construction jobsto
later years. Retaining the plantsreduces greenhouse gas emissions by two tenthsof apercent relativeto
base case, or roughly 100 thousand tonsof CO, per year.

Table8.7. Employment | mpactsof BiomassPlant Retention

Total Employment (Thousands)
20-Year
2000 2005 2010 2015 2020 Average
Base Case Comparison
Base Case 699.797 741.202 777.134 813.023 842.421  779.501
Biomass 699.797 741.387 778.078 813.736 842.299  780.077
Difference 0.000 0.185 0.944 0.713 -0.122 0.576
Percent Change 0.00% 0.02% 0.12% 0.09% -0.01% 0.07%
High Price Scenario Comparison
High Price 699.797 741.202 773.287 806.896 846.290 776.937
Biomass HP 699.797 741.387 774.230 807.651 846.481  777.529
Difference 0.000 0.185 0.943 0.755 0.191 0.592
Percent Change 0.00% 0.02% 0.12% 0.09% 0.02% 0.07%

Findly, weexaminewhat it would cost to achieve the benefits of biomassplant retention,
by examining the gap between theforecast wholesale price of dectricity (inthe presence of the plants) and
the priceof 5.8 centsper KWh (2000 dollars). Theresultsareplotted abovein Figure8.9. Thereisagap
from the present until either 2013 or 2014 depending upon the (fossil) fuel priceforecast scenario. After
thiscrossover point, thewholesal e price risesand stays above the break-even price point.

The price gap timesthe el ectricity generation from the biomass plantsyields an estimate of the
revenue shortfall or amount needed to keep the plantsopen. Recall that three of theplants' rate orders
expirein 2007, onein 2006, and one ceases operation in 2003, asdiscussed above. Inorder to estimate
theannua revenueshortfalls, wemultiply the* artificialy retained” annual biomass plant generation (which
phasesin over time between 2003 and 2007) by that year’s price gap.

8-15



Theannual revenue gap dropsto itsmost negativevalue of $7.7M in 2008, and becomes positive
in2014. Thecumulativerevenueshortfall dipstoitslowest valuejust shy of $50M in 2013, and thereafter
risesback towardsparity. Theimplicationisthat if the biomass plantswere guaranteed apriceof 5.8 cents
per KWh until approximately 2023, then the net price support over the 2003 - 2023 time period could be
zero. Of course, it must be remembered that thisestimate and analysisisbased on forecasts of wholesale
electricity prices, anditisfaulty forecastsof energy pricesthat ledto theorigina rateorder contractsinthe
first place.

In conclusion, we have analyzed and described the costs and benefits of retaining the biomass
plantsin operation past the scheduled expiration of their rate orders. One of the major benefits of plant
operation—increased forest management activity and itsimpactson long-term vaue of standingtimber in
the state— has been mentioned but not quantified. Retaining the plantswould providefor retaining 700-
950j0bs, and helpthe state’ sgrowing sawmill industry. It would require sometype of supplement starting
in 2003, when wholesale el ectricity pricesare below the estimated 5.8 cents per KWh break-even price
for profitableoperation of the plants. Any policy that makesacommitment to provide asupplement tofill
the gap between whol esal e prices and abreak-even price would beacommitment to an uncertain amount,
sinceit relieson aforecast of wholesaleeectricity prices.

It must be noted that whilethisanalysis considersthe energy, economic and environmental
benefits associated with continued operation of thewood-fired power plants, the costsarenot fully con-
sidered. Thisisbecauseafunding sourcefor continued operation of thefacilities(e.g., aRenewable
Portfolio Standard, atax on electricity, or revenuefrom the state’ sgeneral fund) wasnot identified, and
wasnot used inthemodel. Prior to creation of any policy to support continued operation of the wood-

fired power plants, the costswould need to beweighed against the benefits.
8.3.2 Edablishing Wind Farmsin New Hampshire

The State’'s Wind Resource

Northern New England, including New Hampshire, hasaconsiderablewind resource. The
technology for wind turbines has devel oped rapidly in recent years, so that utility-scale sites of wind

turbines (so-called “wind farms’) are now competitivewith conventional (e.g., fossil fuel based) genera-

tion.
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Around theworld, over 50,000 wind turbinesare currently inoperation.! Inthelast six years,
1,200 MW of new wind generation has been established in Texasa one. Wind turbines have been gener-
ating electricity inthe USfor decades, but they have remained at least until now, anichetechnology,
accounting for lessthan 1% of US e ectricity. With recent advancesin technology that improvewind
power’seconomics, therole of wind energy isadvancing rapidly. Last year alone, 1,700 MW of new
wind capacity wasingtalled inthe US, doubling total USwind power capacity.? Thisisan amount equal
to 60% of New Hampshire'stotal capacity in 2000, or roughly the capacity of Seabrook plusthe state’'s
coa power plantscombined. Andin 2002 alone, approximately $3 billion in wind power projectswere
proposed or planned for the next severd yearsat sitesinthe Midwest, New Jersey, New York, and New
England.

Thefollowing paragraph, excerpted from the Nationa Renewable Energy L aboratory’swWind
Energy Atlas, describesthewind power resourcein New England:

An extensive area, including most of Vermont and New Hampshire, aswell as much
of Maine, Massachusetts, and Connecticut, has annual average wind power of class
3 or higher on exposed locations. Highest powers (class5 and 6) occur on the best-
exposed mountain and ridge tops in Vermont’s Green Mountains, New Hampshire's
White Mountains, and Maine’'s Longfellow Mountains. Theremainder of the hilltops
and mountain topsin thisarea that are outside of these major ranges have class 3 or
4 wind power. At the highest elevationsthiswind power increasesto class6and 7in
the winter. Average wind speeds may vary significantly from one ridge crest to
another and are primarily influenced by the height and slope of the ridge, orienta-
tion to the prevailing winds, and the proximity of other mountains and ridges. For
example, the White Mountains are indicated to have class 6 wind power, but Mount
Washington, at 1,917 m (6,288 ft) elevation, is known to have considerably greater
wind power as a result of terrain-induced acceleration as the air passes over the
mountain.

MWashington Post, August 20, 2002: “Windmills on the Water Create Storm on Cape Cod,” pageA3.
2 Technology Review, July/August 2002, pp. 42-45.
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AlsofromtheWind Energy Atlasisamap of thewind energy resourcein New Hampshireand
Vermont.
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Whilethereisstrong potential for siting wind farmsinthe state, they a so raise numerous
concerns. Itislikely that areasthat could support wind power may facethefollowing obstacles:

» Distancetotheelectricity grid:

Many of thesitespotentialy availablefor wind generation are remote, and would require

investmentsin new infrastructure to make certain that power produced could reach the
electricity power gridinan efficient manner.
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* Owner ship:

Many of theridgelineswith the dtitude and aspect necessary to generatereliablewind

power areon publicland, most notably the White Mountain National Forest. Current forest
policiesdo not alow siting of wind farmsinthe National Forest, and any effort to change
thismay encounter sgnificant res stance.

* Aesthetics:

New Hampshireisknown for itsopen space and views. Whilemany findwind farmsvisually
attractive, many othersdo not. Recent opposition from citizen groupsto thesiting of cell towers
suggest that acompany wishing to establish awind farmin New Hampshirewould need to work
closely with the State, local communititesand other interested partiesto addressthese concerns.
* Habitat concerns:

Many of theareasin New Hampshiremost likely to have suitablewind are high-elevationridge
lines. High elevation sites often have theleast human impact, are distant from roadsand
buildings, and haverdatively undisturbed ecosystems. Theseissueswould clearly needtobe

considered prior to establishment of awind farm.

However, it isimportant to note that many projects have addressed all of theseissues. One
exampleisthewind farmin nearby Searsburg, Vermont, owned by Green Mountain Power and managed
by Vermont Environmental Research Associates.® The project includes 11 turbinesthat produce 6 mega
wattsof power for the New England grid.

I n this section we describe abasic s mulation that hasbeen performed to characterize the energy,
environmental, and economic impacts of wind energy development in New Hampshire. Wetest the
impactsof the construction of three moderate-scale wind farmsin New Hampshireat 5-year intervals, so
that in 2005, 2010, and 2015, wind farms of 25 MW capacity each are constructed. WWemodel thetiming
of generation from thesewind farmsto be random and evenly distributed within daysand seasons, withan
availability factor of 29.05 percent based upon wind resourcefeasibility studiescompleted for Massachu-
setts* Asaresult, total annua generationfroma25 MW wind farmiscal culated asavailability x capacity
x time=annual generation, or:

0.2905(availability)* 25(MW)* 365(days/yr)* 24(hrs/day) = 63,619 MWh/yr or 63.6 GWh/yr

3 See www.northeastwind.com/Searsburg_Project for more information on the Searsburg wind farm.
4 *Massachusetts Renewable Portfolio Standard, Cost Analysis Report,” Prepared for Massachusetts Division of
Energy Resources, December 2000.
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Figure8.11 Impactsof Wind Farm Relativeto Base Case

For purposesof thisanalysis, we assumethat thewind energy unitssell all power that they
generate, at the averagewholesaepricefor agiven year.

Theresultsof thewind farm scenario, relative to the Base Case, are shown in Figure 8.12.

Overall, the presence of wind power lowersthewholesal e el ectricity price by an average of 2-3 tenths of
apercent between 2012 and 2020. Thisalso hastheeffect of lowering theretail priceof electricity by a
lesser amount. Thedight retail pricereductionleadsto avery dight increasein electricity demandinthe
out-years, asresidences and businessestend to invest lessin efficiency at thetime of new purchase, and
possibly to do abit of fuel switching to el ectricity.

Table8.8 Greenhouse Gasl mpactsof Wind Farms

Greenhouse Gas Emissions (Million Tons CO2e/Year)

2000 2005 2010

20-Year
2015 2020 Average

Base Case Comparison

High Price Scenario Comparison

Base Case 36.37 40.48 46.16
Wind Farm 36.37 40.48 46.14
Difference 0.00 0.00 -0.02
Percent Change 0.00% 0.00% -0.03%

High Price 36.37 40.48 45.12 48.03 52.73 45.17
Wind Farm HP 36.37 40.48 45.10 47.99 52.65 45.15
Difference 0.00 0.00 -0.02 -0.04 -0.07 -0.02
Percent Change 0.00% 0.00% -0.04% -0.09% -0.14% -0.04%

51.63 56.07 46.94
51.60 56.04 46.93
-0.03 -0.03 -0.02
-0.07% -0.06% -0.03%
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The hypothetical wind power additionswould reducetotal annual greenhouse gasemissionsin
2020 by 30thousandtonsof CO,. Asashareof thetotal emissionsfromthe state, thisreflects approxi-
mately 0.06%. Notethat if the high price fuel scenario came to pass, the emissions gainswould be

considerably higher, becausewind would likely displacefossi| fuelssuch ascoa which havesignificant air
emissons.

Small Scale Wind Scenario Compared to Base Case
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Figure8.12. Impactsof Wind Farmson Selected Variables, Relativeto Base Case

Theemployment impacts of wind power capacity additionsare quite mixed in our modeling re-
aults. Congtruction of the plantsgeneratesamodest level of employment (roughly 30 full-timeequivaents
per year). However, because wind power additionslower thewholesale price of electricity dightly, this
hastheeffect of delaying maor plant construction that in the Base Case occursin 2019; thisdel ay of major
new plant construction causesavery dight reductionin employment in 2020 relativeto the Base Case.
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Table8.9 Employment Impactsof Wind Farms

Total Employment (Thousands)
20-Year
2000 2005 2010 2015 2020 Average
Base Case Comparison
Base Case 699.797 741.202 777.134 813.023 842.421 779.501
Wind Farm 699.797 741.228 777.166 813.058 842.111 779.501
Difference 0.000 0.026 0.032 0.035 -0.310 0.000
Percent Change 0.00% 0.00% 0.00% 0.00% -0.04% 0.00%
High Price Scenario Comparison
High Price 699.797 741.202 773.287 806.896 846.290 776.937
Wind Farm HP 699.797 741.228 773.319 806.931 845.841 776.928
Difference 0.000 0.026 0.032 0.035 -0.449 -0.008
Percent Change 0.00% 0.00% 0.00% 0.00% -0.05% 0.00%

Whilethe establishment of wind farmsin New Hampshire offerspotential economic and environ-
mental benefitsfor the state, there areanumber of issuesthat will need to be addressed. A starting point
isto continueto refine our understanding of what parts of the state— based upon prevailing winds, eleva-
tion, aspect, ownership, distanceto transmission lines, and other relevant factorsincluded in arecent
Northeast Utilities ECS study — offer the greatest promisefor wind power. With thisinformation, the
State, windinvestors, environmenta organi zations, landownersand munici paities can engagein construc-
tivedia ogue about what Sitesare most appropriatefor potential wind farms. By engaging inthisdiscus-
sion, al partieswould have an opportunity to addressissuesof concern, and potential wind projectscould
befocused on the most appropriate sites.

84 Digributed Generation

Distributed generation refersto the production of electricity by numeroussmall unitslocated at or
near the sources of demand. Thisstandsin contrast to traditional electricity generation systems, where
electricity productioniscentraized at largeinstall ations some di stance from demand, and the power must
betransmitted significant distancesthrough distributions systems such as pipdinesand dectrictransmisson
wires.

Thereareanumber of benefits associated with distributed generation, including:

* Reduced energy costsfor the generator and user of electricity;

* Fewer, or even zero, transmission losses asaresult of generation being sited closer to demand;

* Reduced costs associated with upgradesto transmissions and distribution systems otherwise

required to handleincreased load,

* Protection from mgjor disruptionsfromweather or other events(icestorms, terrorism, etc.); and
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» When the distributed generation uses an indigenousfuel source (e.g. wood-fired boilersat a

sawmill), there are benefitsto theloca economy and environment.

Thereare concernsabout the use of distributed generation, which must be carefully considered.
Someformsof distributed generation generaterelatively highlevelsof pollutants, when measured on aper
KWhbasis. For example, New Hampshireregulates NOx emissionsfrom distributed generation using
died fud.

Inthe ENERGY 2020 system, all energy used for heating isacandidatefor cogeneration. The
cost of cogenerationisthefixed capital cost of theinvestment plusthevariablefue costs(net of efficiency
gains). Thiscogeneration cost isestimated for all fuelsand technol ogiesand compared to the price of
electricity. Themarginal market sharefor each cogeneration technology isbased on this comparison.

Figure 8.13 showsasmplified overview of the cogeneration structure.®

Marginal Industrial
Costs Malrket e Energy Use
| Constructon Cogeneraton
Electricity
Price
‘ Capacity
Variable ‘ ' ,
Costs » Generation

Figure8.13. Cogeneration Concepts

Asdiscussed abovein Chapter 5, distributed energy resources have beenidentified asin
important part of effortsto ensurethat our energy infrastructureis secure and not vulnerabl e to attack.

5 Cogeneration isrestricted to consumers who directly produce part of their own electricity requirement. Qualifying
Facilities (QFs) under PURPA and L EEPA (such as NH’swood plants), which generate power for resaleto the utility,
are considered independently by ENERGY 2020.
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8.5 New Energy Technologies

Thebiomass, wind and solar policy scenariosweretested in an effort to better understand therole
that power produced using renewabl e resourcesplay in New Hampshire' senergy, economic and environ-
mental policy. Of course, there are countl ess scenariosusing dternative energy production that could have
been considered, but time and resource constraintsforced thereview of arepresentative sample. These
policy scenariosareintended to help policymakers, utilities, environmental organi zationsand othersunder-
stand theimportant rolethat renewable energy sourcescan havein New Hampshire.

In addition to wood energy, solar energy and wind, thereareanumber of aternative energy
technol ogies—many of them using renewabl e resources—that could play arolein New Hampshire's
future. Theinformation below ismeant to provideabrief introduction to some of thesetechnol ogies, many
of them expected to be commercialized in coming years.

8.5.1 Fud cdls

A fud cell isan electrochemical system that consumesfuel, often hydrogen, to produce an electri-
cal current. A chemical reaction convertsthe hydrogen to el ectric power, with heat and water asbyprod-
ucts. Sincethefuel convertsdirectly to dectricity, without combustion, it can operateat greater efficiencies
thaninternal combustion engines. A fuel cell hasno moving partsand operateslikeabattery that doesnot
requirerecharging (but doesrequirerefueling), makingit aquiet and reliable power source.

Fuel cellshavebeen usedin avariety of settings, including remote applicationswhere salf-gener-
ation of power iscritica and hightech and financia ingtitutionsthat requirereiable, uninterruptible power.
Based upon thisexperience, it isexpected that fuel cellswill become more and more widespread, with
eventua useinvehiclesand homes. A number of for-profit companiesareactively involved in developing
fuel cellsfor genera use.

Fuel cellshold great promisefor New Hampshire because they have significant efficienciesover
current power production technologies; theemissionsfromfue cellsarelower per unit of power; fud cells
can be designed to run on renewabl e fuel s—thusreducing our dependence onforeign oil; and they can be
used for distributed generation.

8.5.2 Geothermal Energy

Theearth containsagreat deal of heat, mainly from processesdeep under theearth’ssurface. This
heat eventually findsitsway to the surface. Thetemperature of near-surface heat sourcesdeterminesthe
waysinwhichthe heat may beused. Theuse of geothermal (alsoreferred to as* ground source”) heat
pumpsfor space heating and cooling ispractical throughout New Hampshire. Inthesesystems, energy —
typically eectricity —isused to move heat out of the Earth into living space during cold weather and from

8-24



living spaceinto the Earthinwarmwesather. Thetechnology isthesameasthat usedinrefrigeratorsand air
conditioners, though ground source heat pumps are designed to move heat in either direction, depending
onthehesting or cooling requirementsintheliving space.

Geothermal heat pumpsoffer anumber of benefitsfor New Hampshire. First and foremost, they
offer arenewable, free, carbon-neutra sourcefor heat and cooling. From abuilding management point of
view, they help reduce space needs by combining heating and cooling systems, haveno visua impact upon
architecture, and arelocated indoors—away from the elementsand vandalism. AsNew Hampshiregains
experiencewith thistype of heating and cooling system, it isexpected that theinfrastructure of installers
necessary to allow widespread usewill devel op.

8.5.3 Bio-fuels

In addition to using wood and municipal solid wasteto produce electricity, thereareanumber of
other waysthat plant material can be used to generate energy. Theseinclude growing energy cropsfor
either electricity production or fuel production, theuseof landfill or sewer gasto produce power, and the
useof plant materia to manufacturebio-ail.

Energy Crops

Energy cropsare plantsgrown specificaly for usein energy production. Thesearedifferentiated
from forest-derived wood or agricultural residueinthat they are specifically grown for usein energy
production. In New Hampshire, abandoned land eventually revertsto forest in most cases, and trees, as
afud “crop,” arelargely maintenancefree. Incontrast, non-forest croplandsrequireinputsof energy and
materialsto prevent reversion to forest, eliminate unwanted “weed” speciesand tofeed andirrigatethe
desired plant species. Energy cropsinclude hybrid willow and poplar, switch grass, and hemp.

Energy cropsareto varying degreesamenableto pyrolysis(seebio-oil discussion below), gasifi-
cation, co-firingwithfoss | fuel sor to being burned a onefor energy. However, the costs of harvesting and
transporting energy cropsfrom New Hampshire' srelatively small and widely dispersed fields, coupled
with ashort growing season, may beasignificant commercia barrier to widespread use of energy crops.

At present, it does not appear the energy crops have astrong placein New Hampshire' sfuture.
However, use of such cropscould provide somebenefitsto the state and its citizens, including:

* Preservation of “traditiona” visua landscapesthat include non-forested farmlands;

* Preservation of habitat for grasdand animal speciesthat are currently indecling;

 Maintenance and enhancement of overall biodiversity; and

* Economic support for the state' sagricultural community.

Because of these benefits, policy makers should continually monitor the evolving potential for
energy cropsto play arolein New Hampshire senergy diversity.
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Hemp asan Energy Crop

Atanumber of public hearingsand work sessionson the devel opment of theenergy plan, individuas
and organi zations advocated growing and processing hemp asarenewableenergy
sourceinNew Hampshire. TheNew England Hemp Foundation presented asignificant volumeof information
tothe Governor’sOfficeof Energy and Community Servicesonhemp. Thisinformation primarily concentrated
onthepotentia tousehemp asafeedstock inpyraliss, for theproductionof “bio-oil.” Thepotentid to produce
bio-oil using other biomassfeedstocksiscurrently being researchedin New Hampshire. Federd law currently
prohibitsthegrowing of hemp.

Bio-Oil

Bio-ail istheproduct of fast pyrolys's, wherebiomassmaterid isrgpidly heated inacontrolled setting.
Thisprocessproducesaliquid (oftenreferredto as* bio-oil”), char, and gasses. Proponentsof bio-oil suggest
that thistechnol ogy hasanumber of advantagesover traditional combustion of biomassfor dectricity, including
theability to soreand trangport bio-oil and theability to produce* green” chemicas. AccordingtotheUSDOE
Nationd Renewable Energy Laboratory, bio-ail isina“ rd atively early sageof development,” withanumber of
issuesto be addressed prior to widespread acceptanceand use.

The Governor’s Office of Energy and Community Services has begun an 18-month feasibility
study to determine the potential for the production and use of bio-oil in New Hampshire. Thisstudy,
conducted in partnership with numerouseconomic devel opment, forestry and academicindtitutionsthrough-
out New Hampshire, will evaluatethe environmental, economic and energy feasibility of manufacturing
bio-oil in New Hampshire. Thisstudy isexpected tolook at “waste” wood from forestry and sawmill
operationsasthe primary feedstock for bio-oil. Itishoped that thisinitial analysiswill identify waysto
bring increased production of bio-based fuelsto New Hampshire.

Farm Waste (Manure Digestion Gas)

Farmwasterefersto crop residuesand animal manures. In New Hampshire, crop residuessuch
ascornarenot availablefor energy usewithout competing with existing uses. Animal wastes, which emit
gassesthat can be burned to generate el ectricity, present avariety of problems, including:

» odor nuisance;

* organic and bacteria pollution of streamsby runoff;

* nutrient loading of soilsand waters;

* costly measuresto meet increasing stringency of waste management requirements.

At thesametime, animal wastesareapotential sourceof energy and should continualy beconsid-
ered asapossiblefuel source. Inaddition to the challenges above, the dispersed nature of New Hamp-
shireagriculture presents challenges, inthat therearelikely few farmswith enough farm waste to make
energy production an economically attractive use of waste. Thisgascan beandisbeing burned in other
statesto generate electricity.
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Landfill Gas

Thisgasisproduced by the action of microbeson organic matter inthe oxygen-free
environmentsof capped landfills. Therearecurrently threesitesin New Hampshirewherelandfill gasis
being burned to generate e ectricity —taking advantage of afreefuel source. Gasispresent inlandfillsand
not utilizing it only adds more methane, apotent greenhouse gas, to the atmosphere asthe gasleaks out of
thelandfill. Aslandfill gasuitilization technology devel ops, it may becomeeconomicaly feasiblefor smaller
landfillsto beneficidly managetheir landfill ges.
Sewer Gas

Aswith landfill gasand manure digestion gas (farm waste), thisgasis produced by the action of
microbesin oxygen-free portionsof sewagetrestment facilities. 1t hasthe sameadvantagesand disadvan-
tagesas|andfill gas, but thereisan additional advantage: it can provideat |east some of the heat and/or
power required to operate the sawagetreatment facility. Asthisisadevel oping technology, it may not yet
becommercidly practical to usesewer gasfor eectricity production at facilitiesthat servelessthan 50,000.

8.5.4 Small-scale Wind Power

Inadditionto utility scalewind farms’ asdiscussed earlier, another application for wind power in
New Hampshireissmall-scaledistributed wind generation. In contrast to thelargeturbines of today’s
most economical wind farm technology — which can range 1 MW or more per turbine— small-scale
wind turbinesare much smaller, with acapacity of 10-50 kW andblade diametersof 20-30feet. Individ-
ual residential and small commercia customerswith 1 acreor moreof land and aminimum wind resource
of Class2 (whichincludestheentirestate) will in many casesfind small-scale wind to be economically
viable

Aswithlarge-scalewind power, the current pace of technological changeisrapid, andisbringing
wind energy costsdown considerably. Themarket for small-scalewind turbines (defined asunitsup to
100 kW capacity and up to 60-foot rotor diameter) hasrecently been growing at therate of 40% per year.

Theuseof smal-scadewind power isoneway that anindividua family or businesscan makedirect
useof clean, renewableenergy. By taking advantage of the stat€’ snet metering law, which alowsunused
power from small power generatorsto be sold into the el ectricity grid, ownersof small-scalewind gener-
atorsmay be ableto help offset the capital cost of awind turbinewith energy cost savings. Inadditionto
the benefitsafamily or businessmay enjoy from generating their own el ectricity, theuseof smal scaewind

isemissionfreeand addsdiversity to the state’senergy system.
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8.5.5 Resdential Solar Hot Water Heating

Solar hot water heating isacost effective technology that has been commercially availablefor
decades. Withasolar hot water system, sunlight heatsaworking fluid (propyleneglycol, acommonform
of anti-freeze) within aset of panelsthat areusudly installed onaroof. Thefluidisthen circulatedto pre-
heat water entering the domestic hot water system, and this pre-heated water isheld in aninsulated tank,
ready to be called upon asinput to the standard (e.g., electricity or fuel-fired) hot water system. By pre-
heating thisinput water, the requirementsfor el ectricity or fuel input are significantly reduced.

Aswith small-scalewind power, solar hot water isan excellent opportunity for individuasto use
clean, renewableenergy intheir daily lives. IntheNortheast, domestic hot water heatingis
typically the second-highest energy costinahousehold. Using solar energy to pre-heat water can reduce
energy associated with heating water by upto 65 percent. Using asolar hot water heater can significantly
reduce an individual’sfootprint onthe environment. AccordingtotheU.S. Environmental Protection
Agency, using one 120 gallon solar hot water heater in New Hampshire helpsavoid 21 poundsof NOX,
61 poundsof SO,, and 10,966 pounds of CO, emissionsannually. For carbon emissionsalone, the EPA
estimatesthat the avoided emissionsare equivalent to driving an average car amost 14,000 miles. Asa
result, theingtalation of thesesmall systems can have great environmenta and energy benefitstothe state.

8.6 Bringing New Fudsand Technogiesto New Hampshire
Renewable energy and emerging energy technol ogieshold significant promisefor New

Hampshire economy, environment, and energy infrastructure. Thetechnol ogiesdiscussed above, aswell
asmanyothers, should be continually monitored tofecilitatetheir usein the state. New Hampshirehaslong
used renewable energy and innovativetechnology to help securethe state’ senergy diversity, and should
continueto do so. Working with othersin government and the private sector, the Governor’s Office of
Energy & Community Serviceshasworked to bring innovativetechnol ogiesto New Hampshirethrough
demonstration projects, feasibility studies, and technical assistance. Inaddition, aswemoveintoafully
restructured electricity market, ECS should continueto work toward policiesthat allow renewable energy
and emerging technol ogies accessto the el ectricity market inaway that addsto our current energy mix,
while providing economic and environmenta benefitsto thecitizensof New Hampshire.

8.7 A Renewable Portfolio Sandard for New Hampshire

A RenewablePortfolio Standard, or RPS, isaregulatory requirement that any supplier of electric-
ity must deriveaportion of that electricity from renewableresources. What qualifiesasrenewableis
typically set through legidation or administrativerules, and may change asthe standard isphased into
encourage devel opment of new technologies. A renewable portfolio standard assuresthat all consumers
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Table8.10 Satusof SatesReativeto Renewable Ener gy Portfolio

Sate Qualifying Generation % Required Notes
Maine Solar, Wind, Biomass, 30% Prior to enactment of the RPS,
Hydro, Waste, “ efficient roughly 45% of Maine's
resources’ (including generation camefrom
some coal) renewables
Massachusetts | New generation, 1% in 2003, Companies unableto secure
including solar, wind, increasingto4%in | sufficient renewable power
biomass, fuel cells,wave | 2009 contributeto the state’'s
andtidal Renewable Trust Fund, which
hel psfinance new renewable
projects
Connecticut | Solar, landfill gas, wind, 6% in 2000, Hastwo classes of renewablein
hydro, fuel cells, biomass, |increasingto13%in | order to encourage new, low
waste 2009 emission generation
Arizona Solar, wind, biomass, 0.2%in 2001, Requires 50-60% of generation
hydro, geothermal, waste | increasingto 1.1%in | comefrom solar
2007
Nevada Solar, wind, biomass, 5% in 2003, Requires 5% of generation to
geothermal increasingto 15%in | comefrom solar
2013
California Solar, Landfill Gas, Wind, | 1% in 2002,
Biomass, Hydro, Waste increasing to 20% by
2017
lona Solar, wind, biomass, 105 MW for two
hydro, waste utilities
Texas Solar, landfill gas, wind, 400 MW in 2002,
biomass, hydro, increasing to 2,000
geothermal, wave, tidal MW in 2009
Wisconsin Solar, wind, biomass, 0.5%in 2001,
hydro, geothermal, fuel increasingto 2.2%in
cells 2010
Pennsylvania | Solar, wind, biomass, 2.0%in 2000, Required to participatein
low-head hydro, increasing 0.5% competitive default service
geothermal, wave, tidal annually
New Jersey | Solar, landfill gas, wind, 2.5%in 2000, Hastwo classes of renewables,
biomass, hydro, increasingannually | with different percentage
geothermal, fuel cells, requirements
waste, wave, tidal
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of dectricity contributeto the environmenta and economic benefits provided by renewabl e energy gener-
ation, whileproviding asystem that deliversrenewable energy to consumersin acost-efficient manner.

The establishment of an RPS guarantees some market for the generation of renewable power, and
spreadsthe burden of “above-market” costs associated with renewable power to all ratepayers, based
upon their energy consumption. By allowing different renewable generatorsand technol ogiesto compete
against one another, consumers have accessto | east-cost renewabl e power, encouraging renewabl e pow-
er generatorsto be asefficient aspossible.

Atleast eleven states, including threein New England, have established aRenewable Portfolio
Standard. Stateshavetaken avariety of approachesto how renewable power isdefined and how much
renewable power isrequired to meet the portfolio standard; seetable8.10for details.

The establishment of aRenewable Portfolio Standard was considered in New Hampshirein 2001,
when House Bill 718 washeard. Thelegidature eventually opted instead to enact avoluntary “green
trangition service” option that can be offered by New Hampshire' sderegulated e ectric distribution utilities.

Sincethe RPSwasrejected in New Hampshire, theregional Generation Information System
(knownas"GIS’), asystemthat allowstracking of attributesof electricity generation, hasbeen completed
andisnow beingused. TheGlStracksemissions, fuel source, and digibility for the RPSrequirementsin
gatesin our region that havean RPSin place. ThePUC isdrafting Environmenta DisclosureRules, which
will provideinformationto customerson the sourcesof the power that we usein our homesand business-
es. Severd of our ectric utilitiesare cons dering taking advantage of the“ green trangition service’” option,
whichwould utilizethe GI Ssystem and dlow customersto chooseaportion of their eectricbill that will go
to clean, renewable sources of power. Whilethese stepsareimportant, they arenot enoughto alow New
Hampshireto fully realizethe many important benefits of renewable energy sources.

It isnow appropriate for the Legislature to reconsider the RPS, and to create a standard that
meetsour state’ srenewable energy goals: to hel p support existing indigenous renewabl e generation such
aswood and hydro; to encourageinvestmentsin new renewable power generationin the state; and
allow usto benefit from thediversity, reliability and economic benefits of clean power. Creating mecha-
nismsto support renewabl e power also increases our energy security and reduces our dependence on
foreignail.

By enacting an RPS now, New Hampshire can reap the benefits of renewable power, asother
statesintheregion have dready done. Beforethisisaccomplished, however, anumber of issuesmust be

considered that will impact theimplementation and success of such aprogram. Theseissuesinclude:
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» What isthe appropriate definition of renewable power for purposesof an RPS, and how
can thisimpact existing renewable generatorsand construction of new generation?

» What percentage of renewable power will each provider berequired to purchase, and will
thisincreaseover time?

» What legal issuesexist regarding el ectrical generation outside of New Hampshire
participating inthe state’ SRPS?

» What arethe anticipated impactson theretail priceof eectricity?

Whiletheseissues need to be addressed, we can learn from the experiences of other New En-
gland stateslike M assachusetts and Mainethat already have an RPSin place. For example, the newly
devel oped Generation Information System (GIS) used by | SO New England would hel p overcome some
administrative obstacl es, including tracking of energy sources, which have served aschallengesin other
areasthat usean RPS.

Inarestructured el ectricity market, an RPSisthe most efficient way to assurethat existing
renewabl e generation hastheahility to compete, and that new renewabl e generation can bebuilt. Allowing
renewable generatorsthe opportunity to compete against one another, with aguaranteed market for some
fixedlevel of renewable generation, protectsratepayerswhile promoting environmental stewardship and
energy security.
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